Organochlorine pesticides (OCPs) were analysed in surface water, pore water and surface sediment samples collected from the uMngeni River, which is one of the largest rivers in the province of KwaZulu-Natal, South Africa. Liquid-liquid extraction was used to extract the analytes from water and pore water samples and soxhlet extraction was used to extract sediment samples with subsequent florisil clean-up and gas chromatography-mass spectrometry (GC-MS) analysis. Twelve selected OCPs were analysed and their total concentrations were found to range from 8.04-21.06 ng/mL, 36.06-188.43 ng/mL and 148.17-554.73 ng/g in unfiltered surface water, unfiltered pore water and surface sediment (dry weight (dw)), respectively. The results indicated that the concentrations of these selected pesticides were far higher in sediment (72%) than in pore water (25%) and water (3%). The most polluted sites were Northern Wastewater Treatment influent (NWTI) for water (∑ 12 OCP = 19.41 ± 1.43 ng/mL) and Northern Wastewater Treatment effluent (NWTE) for pore water (∑ 12 OCP = 166.23 ± 7.16 ng/mL) and sediment (∑ 12 OCP = 495.21 ± 32.38 ng/g). The most abundant individual OCPs and their average concentrations in general in the river were p,p′-DDE in unfiltered water (1.62 ±0.22 ng/mL) and unfiltered sediment pore water (17.09 ±7.96 ng/mL), and endrin in surface sediment (55.57 ± 19.01 ng/g, dw).
INTRODUCTION
Pesticides are agrochemicals extensively used in agriculture and public health sectors to control or mitigate pests causing crop damage and diseases. Their main properties include low polarity, low aqueous solubility and high lipophilicity. As a result, they bioaccumulate and bioamplify through the food chain and are hence a threat to the environment and to human health (Afful et al., 2010; ZhaO et al., 2013; Zhao et al., 2009) . Researchers have found that organochlorine pesticides and their metabolites may cause chronic toxicity to humans and animals through air, water and food intake (Dong-hui and Guang-xing, 2012; Rachid et al., 2012) . Many of them are agents of reproduction and birth defects (Edwards, 1987; Ghuman et al., 2013; Tadevosyan et al., 2012) , immune system dysfunction, endocrine disruptions and cause cancer (Adeyemi et al., 2008; Cockburn et al., 2011; Rull and Ritz, 2003) . OCPs have been banned in many countries since the 1970s but are still detected in water, sediments, air and aquatic biota today, because of their persistence in the environment (Fox et al., 2001; Albaiges et al., 1987; Iwata et al., 1994; Hogarh et al., 2014) .
The uMngeni River has a surface area of 4 416 km 2 and spans a length of 225 km from source to mouth. It is the main source of water for many people in this province; both urban and rural and particularly for people living in informal settlements along this river who use its untreated water for bathing, cooking, washing, etc. Very limited studies have been carried out on the qualitative and quantitative analysis of pesticides in this river, and this study therefore aims to provide important information on selected pesticides ( Fig.  1) , their concentrations in the uMngeni River, showing how the pesticides partition themselves between the surface water, sediment pore water and surface sediment, as well as to identify the most highly contaminated sites along the river. In order to determine the total concentrations of pesticides (freely dissolved + organic carbon + suspended solids) to which animals and people using this water are exposed, the water was treated as unfiltered. To the best of our knowledge, this is the first study that has investigated the qualitative and quantitative levels of these selected OCPs from the source to the mouth of the uMngeni River as well as the partitioning of the OCPs between the various environmental matrices. The reported results provide much-needed information on the presence of these OCPs which may contribute to the health risk of animals and humans who consume the water from the uMngeni River, as well as providing information on their partitioning distribution.
MATERIALS AND METHODS

Chemicals and apparatus
The solvents including high pressure liquid chromatography (HPLC) grade solvents, namely hexane, dichloromethane (DCM) and toluene, and florisil (MgO 3 Si residue analysis grade, mesh 60-100, pore size 60Å), as well as OCP standards 233 (HCB, HCH, heptachlor, aldrin, o,p-DDE, p,p′-DDE, o,p-DDD, p,p-DDD, o,p-DDT, dieldrin, endrin, and mirex) , which were purchased from Sigma Aldrich. Anhydrous sodium sulfate (Na 2 SO 4 ) gold line (CP) and silicon carbide boiling stones (CSi) were obtained from Associated Chemical Enterprises (ACE) and sulfuric acid (98%) was obtained from Promark Chemicals. The test sieves (ss 200 mm φ × 100 μm to ss 200 mm φ × 600 μm) were obtained from DLD Scientific in South Africa.
Study area
The uMngeni River is the main river in the province of KwaZulu-Natal and starts from the lower mountains of Spioenkop and Lionskop on either side of Nottingham (Van der Zel, 1975) and ends at the mouth at the Blue Lagoon in Durban which empties into the Indian Ocean. Water and sediment samples were collected during the winter period, from 15 to 17 July 2013, from 15 sampling stations including 12 sites selected along the uMngeni River and 3 sites around the Northern Wastewater Treatment Works (NWWTW), which discharges its treated water back into the uMngeni River a few kilometres downstream. Sampling stations were selected based on their location and activities around them, such as agricultural, industrial or residential. The environmental physical parameters, coordinates and map of the sampling area are shown in Table 1 and Fig. 2 .
Sampling
Water samples were collected in 2.5 L Winchester amber bottles previously washed with hot water and detergent and rinsed 3 times with sulfuric acid and deionized water, respectively.
At the site, the bottles were washed 3 times with the river water to be sampled. After sample collection, the bottles were sealed with caps lined with aluminium foil. Sediment samples were collected at the same sites as the water samples using a grab sampler and stored in glass bottles washed and capped as aforementioned. Water and sediment sample bottles were kept in a portable ice chest containing ice while they were transported to the laboratory. Water samples were acidified with 1 mL of H 2 SO 4 (50% v/v) to prevent microbiological degradation and stored in a refrigerator at 4°C until extraction, which followed within 3 days. The sediment samples were centrifuged (Du pont instruments R SS-automatic centrifuge) using 10 × 1 000 r/min for 15 min to separate the sediment from the pore water (Ankley and Schubauer-Berigan, 1994; Zhang et al., 2003) , and thereafter transferred onto aluminium foil for air drying. The pore water obtained was treated as per surface water samples.
Sample extraction and clean-up
Water samples were extracted using liquid-liquid extraction as per EPA method 3510C (EPA, 1996) . A 1 L aliquot of the water sample was transferred to a separatory funnel and extracted with 50 mL of DCM. The organic layer was removed and the process repeated 6 times for the same sample using fresh DCM aliquots each time in order to increase recovery. The six fractions of extracts were combined and concentrated to approximately 5 mL using a rotavap (Heidolph Instruments GmbH & Co.kG). The concentrated extract was quantitatively transferred onto a florisil (activated at 130°C for 12 h) column containing anhydrous Na 2 SO 4 (5 g) on top for clean-up. The column was eluted with increasing polarity mixtures of hexane-DCM (5 mL each) (94:6), (85:15), (50:50) and 100% 
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DCM (modified EPA method 3620-C) (EPA, 2007) in order to elute different OCPs with varying polarity indices. The four fractions were combined and concentrated using rotary evaporation to nearly 5 mL, then air-dried and reconstituted to 2 mL and analysed using GC-MS. The pore water obtained after centrifugation of the sediment was treated as the water samples above using 100 mL of the sample and 10 mL of DCM. The sediment samples were air-dried, ground and sieved for homogenization and to increase the surface area. A 60 g sample of dry sediment was extracted with 300 mL of toluene in a soxhlet extraction unit for 24 h. Toluene is a suitable solvent for aromatic compounds such as organochlorine pesticides because of its similar polarity, and research has shown it to be one of the most efficient solvents for extraction of these compounds (OleszekKudlak et al., 2007) . The resulting extract was concentrated using a rotavap for subsequent clean-up. The clean-up procedure was carried out as described for the water and pore water samples using a 20 mL mixture of hexane and DCM. The sediment extract was concentrated to 2 mL and analysed with GC-MS.
Sample analysis
Sample analyses were carried out in triplicate using an Agilent 6890 series gas chromatography system attached to a mass spectrometer detector (MSD5973). The GC system was equipped with a ZB-5MS capillary column, 0.25 mm i.d., 0.25 μm film thickness and 30 m length (Hewlett Packard; Houston, TX). The MS was operated using the selective ion monitoring acquisition mode (SIM). The carrier gas was purified helium. Splitless mode was used to inject 2 μL of sample onto the GC column with injector and detector temperatures set at 250 and 280°C, respectively. The oven temperature was programmed from 120°C, increased to 290°C with a ramping rate of 14°C/min and held for 2 min. The MS source was operated at 250°C and quad at 200°C. The electro energy was 70 eV.
Target analytes were quantified based on peak areas and by using an external calibration technique with the following 6 calibration standards: 0.25; 0.5; 1; 2; 4; 8 ng/mL. The identification of the analytes of interest was achieved by using mass spectral data compared to that found in the National Institute of Standards and Technology (NIST) library and comparison of retention times of analytes with those of reference standards. The identification was also carried out using the base peak and two other confirming ions (Table 2 and Fig. A2 in the Appendix).
QUALITY CONTROL
The extraction recoveries (R) and limits of detection (LOD) and quantification (LOQ) for each analyte in each matrix were calculated (Table 2 ). Recoveries (R 1 ) were obtained by spiking tap water (Agunbiade and Moodley, 2014; Meharg et al., 2003) with pesticide standards which were extracted using the method described above for water and pore water samples, and per cent recoveries (%R 1 ) were obtained by calculating the ratio between the concentration found (C f ) and the concentration spiked (C s ), multiplied by 100 (Eq. A1 in Appendix.) (APHA et al., 1999 , USEPA, 2008 . For sediment sample analyte recoveries (R 2 ), real sediment samples were subdivided into two subsamples whereby one was spiked with OCP standards before extraction, while the other was left unspiked and both extracted and analysed. The %R 2 was obtained by subtracting the concentration of unspiked subsample (C u (Callahan, M. A., 1979) and consequently its recovery was low during extraction.
concentration of the spiked subsample (C s ), divided by the known concentration spiked (C k ) and the result was multiplied by 100 (Eq. A2 in Appendix) (Harry et al., 2008) . The recovery studies were carried out in triplicate and the mean recovery and the standard deviation were calculated for each analyte. The actual samples were also analysed in triplicate to measure the reproducibility and precision of the method used. The limit of detection and quantification were calculated as 3 times and 10 times, respectively, the signal-to-noise ratio, using the standard deviation of 3 calibration intercepts divided by the slope. Procedural blanks were used through all phases of extraction and analysis. The analytes of interest were not detected in the blank samples. The solvent blanks and pesticide standards were regularly run on the GC-MS to ensure that there were no interferences in the GC system. A check was done, by running a calibration standard of 0.5 mg/mL after each batch of sample, to ensure that the variation from the initial calibration standards was minimal. All data were processed using Microsoft Excel (version 2010).
RESULTS AND DISCUSSION
Levels of organochlorine pesticide residues in surface water
The distribution of the OCPs in water from the 15 sampling sites revealed a broad and diverse range of fluctuations (Fig. 3a Table 3 ). The concentrations of individual pesticides ranged from a non-detectable level for aldrin at Reservoir Hills (REH) to 3.48 ng/mL for endrin at Northern Wastewater Treatment Works influent (NWTI). The levels of pesticides were higher at the sites surrounding the wastewater treatment works and the point of discharge into the uMngeni River. Researchers have found that wastewater treatment plants can be considered as a source point of persistent organic pollutants (Samara et al., 2006) .
The results showed that o,p′-DDE and p,p′-DDE were among the main OCPs in the uMngeni River water, with average concentrations of 1.50 and 1.62 ng/mL, respectively. The presence of these DDT degradation products suggest that DDT was the common pesticide in use before it was banned in 1983 in South Africa. Thereafter, DDT was allowed to be used in a controlled manner only by Government, for the purpose of malaria control (Rother and Jacobs, 2008) , and therefore may be present in foodstuff such as meat, fish, and vegetables transported from DDT-affected areas (McHugh et al., 2011) , such as Limpopo and Mpumalanga (Dalvie et al., 2004b; Dalvie et al., 2004a; Naudé and Rohwer, 2012; Van Dyk et al., 2010) , to the area investigated in this study. A study by Batterman and coworkers found that many of the OCPs investigated in this study were also found in air samples collected in the Durban city area close to where the uMngeni River passes before it reaches the Indian Ocean (Batterman, 2008) . Furthermore, during cooler temperatures, OCPs have the ability to re-condense from air and enter waterways, especially during the winter period when these samples were collected (Scheringer et al., 2004; Lohmann et al., 2007; Valle et al., 2007) .
As the river flows from IDI towards the mouth of the river, the concentration rose to 19.41 ng/mL at NWTI. The high concentration at NWTI was expected because it receives untreated wastewater, which has a high organic matter content, to which the OCPs partition which results in high OCP concentrations (Kile et al., 1995) . The Northern Wastewater Treatment Works (NWWTW) does reduce the concentrations of the analysed pesticides to some extent, as relatively lower concentrations were found for the water sample collected after treatment (NWTT). Table A1 in the Appendix shows the extent to which the individual OCPs were removed from wastewater during the treatment process. Another phenomenon, which may have reduced the concentrations of OCPs in water at NWTT, is their settling into the bio-solids.
The settling of the OCPs onto the biosolids was probably due to a very low flow rate of water in the holding pond area, before being sent to the point of discharge into the river. This allowed the organic matter to settle into the sediment; thus the reason for the higher total concentrations in sediment pore water and sediment than in water. After NWTT the concentration decreases due to dilution of OCPs as they are discharged into the river.
The increase in total concentration of OCPs may also be explained by the physical parameters that were recorded during the sampling trip. The higher concentration of total suspended solids and total dissolved solids is an indication of pollution (Mahananda et al., 2010) , and the higher the conductivity, the higher the TDS. Figure A3 and Tables 1 and  A2 (Appendix), show some increase in total dissolved solids and conductivity from the source at MDI (TDS = 49 mg/L, conductivity = 83.7 μs/cm) to NAD (66 mg/L, 114.0 μs/cm), with the corresponding total OCP concentrations ranging from 9.47 ± 1.13 to 10.99 ± 1.39 ng/mL (Fig. A4) . However, at JUM, the values of TDS and conductivity increased considerably, to 214.0 mg/L and 367.0 μs/cm, respectively (Fig. A3) . The significant increase in TDS and conductivity corresponds to the large increase in OCP concentration at that site (12.69 ng/L), which can be explained by the high preference of the OCPs to adsorb onto the dissolved organic matter (high TDS) at this site. The second portion of the river, from IDI to NWTI, had the highest values for TDS (568.0 mg/L) and conductivity (970.0 μs/cm), which correspond to the highest total OCP concentration (19.41 ng/mL) at NWTI. Figures 3b and A4 show a decrease in total concentration of OCPs in the section from NWTI to BLA, which is attributed to dilution effects because the treated water is discharged into the uMngeni River at NWTE. Moreover, Waziri and Ogugubuaja (2010) demonstrated a positive correlation between levels of pollution indicators in the River Yobe, Nigeria, such as between total organic carbon (TOC) and biochemical oxygen demand (BOD), on the one hand, and between BOD and TDS, on the other; therefore there was a positive correlation between levels of TOC and TDS in the river (Waziri and Ogugbuaja, 2010) . Samples with high TDS values ( Figure A3 ) are therefore expected to have correspondingly high TOC values, as shown by Waziri and Ogugbuaja (2010) . Research has also shown that there is a strong affinity between organic carbon and hydrophobic compounds that have high log K ow values, such as organochlorine pesticides (Luo et al., 2009 ), which ranged from 3.73 to 6.93 for the selected OCPs in this study. Since in the present study water samples that were unfiltered were analysed in order to determine the concentrations of OCPs that humans and animals were exposed to by direct consumption, they were expected to contain high levels of organic carbon; hence the reason for the presence of high concentrations of total OCPs observed at AFI, JUM and NWTI (Figs 3b and A4) .
Table A1 (Appendix) shows that most OCP concentrations were reduced, with the highest reduction observed for endrin at 56.03% and the lowest reduction for DDD/dieldrin at 5.21%. This may also suggest that the NWWTW pollutant concentrations vary considerably throughout the day, depending on the type of effluent received. A further detailed investigation is needed of the NWWTW water purification process in order to understand how, why and to what extent the treatment procedure selectively reduces some OCP concentrations and not others. Previous studies on wastewater treatment plants have shown that POPs are generally present in higher concentrations in the influent than the effluent (Mowery and Loganathan, 2007) .
Levels of organochloride pesticide residues in pore water
The results obtained for OCP concentrations in pore water are shown in Tables 3 and A3 and Figs 4a and b. The levels of individual OCPs varied from 0.76 ± 0.01 to 34.92 ± 4.01 ng/mL. The total concentration of OCPs in pore water was 10 times higher than in surface water. This may be explained by the low solubility of these OCPs in surface water and preference for adsorption onto organic matter, because of the strong affinity that exists between OCPs and colloids in sediment pore water. As a result these OCPs tend to have long-term deposition and accumulation in sediment (Josefsson, 2011 ) .
There was a general increase in concentration of OCPs in pore water from the source to the mouth of the river. This corresponded to an increase in TDS and conductivity in water in the same direction (Mahananda et al., 2010 
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and Ogugbuaja, 2010), which allowed the pesticides to partition to it and hence resulted in the increased concentrations downstream as well. OCPs could possibly suspend themselves on these types of solid particles in water and may sink down to the sediment and re-suspend themselves in sediment pore water (Zhang et al., 2003) . Research has shown that solid particles such as plastic resin pellets and broken bits of plastics from consumers are good carriers of persistent organic pollutants, which are sorbed onto them in the affected waterways (Moore et al., 2004; Mato et al., 2001) . The downstream organic pollutant accumulation effect observed in pore water in this study resembles that reported by Marie-Jeanne et al. (2014) , who found the same effect for organic contaminants such as PCBs, PBDs and phthalates in sediment of the Seine River in France. The downstream Seine River concentrations increased 69-fold, 25-fold and 11-fold respectively for BDE 209, ∑ tri-hexa BDE and ∑ 7 PCBs, compared to upstream concentrations (MarieJeanne et al., 2014) .
The highest mean concentration of individual contaminants across all sampling sites was: o,p-DDE -14.79 ± 0.88 ng/mL, p,p′-DDE -17.09 ± 0.92 ng/mL, endrin -10.38 ± 1.09 ng/mL and aldrin -12.61 ± 0.77 ng/mL in pore water samples. It was observed that the concentration was reduced at Blue Lagoon (mouth of the river) which may be due to dilution effects because of the close proximity of the Indian Ocean at that site.
The highest total concentration of OCPs was observed at NWTE (166.23 ng/mL, 12%), NWTT (162.88 ng/mL, 11%), IDO (162.88 ng/mL, 11%), UBP (141.22 ng/mL, 10%), REH (140.18 ng/mL, 10%) and IDI (128.30 ng/mL, 9%) (Fig. A6) . The high OCP concentrations at the REH site is of concern as this sampling site is a few kilometres upstream of an informal settlement whose residents may be exposed to these OCPs if they collect their drinking water too close to the sediment, as the OCPs can re-suspend into the water column (Chau, 2006 , Elena et al., 2011 .
Levels of organochlorine pesticide residues in sediments
The OCPs investigated were detected in the sediment samples from all sites. The total concentrations of pesticides at each site are shown in Table A4 and Fig. 5b , and varied from 183.63-495.21 ng/g, with an average concentration of 308.70 ng/g. The highest concentrations of pesticides were obtained at NWTT (495.21 ng/g ± 32.38, 11%), BLA (417.49 ± 23.58 ng/g, 9%) and HOF (353.39 ± 41.71 ng/g, 8%). The analysis of bio-solids collected from NWTT (postchlorination) (11%) showed a higher concentration than that collected from NWTI (before process treatment) (7%) (Fig. A8) . A possible explanation could be that at NWTT, the pollutants from the WWTW accumulated over years in the bio-solid at the bottom of the pit where treated water is held before being discharged, while at NWTI, the bio-solid collected was not allowed to accumulate over long periods but was regularly removed from the influent water. As the treated water flows towards the point of discharge (NWTE), the total concentration of pesticides decreased from NWTT to NWTE because the sediment at this sampling point is now from the flowing river and the OCPs do not have sufficient time to partition to the sediment as compared to when they are in the holding pond. The levels of OCPs in sediments were higher than in river water and in pore water. 
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This was expected since POPs are known to prefer partitioning to organic material in sediment rather than dissolving in water (Zhou and Rowland, 1997). The sedimentpore water distribution model of POPs has shown that they occur in higher concentrations in sediment than in pore water (Perssona et al., 2005) . The concentration of HCH in the sediment of the uMngeni River (4.34-93.02 ng/g, dw) was higher than levels of HCH observed in the sediments of Qinhe River (nd-13.72 ng/g) in China (Fei et al., 2013) . However, the individual levels of OCPs in uMngeni River sediments (2.29-93.02 ng/g), were comparable to individual levels in 4 rivers running through an intensive agricultural area in Kilimanjaro in Tanzania (nd-132 ng/g) (Hellar-Kihampa, 2011). The levels in this study were below the results obtained from water (0.1-48.6 ng/mL) and sediment (0.10-163.00 ng/g) collected from the Densu River basin in Ghana (Kuranchie-Mensah et al., 2012) .
Total mean concentration of OCPs in water, pore water and sediment
The total concentrations and mean values of 12 pesticides investigated in water, sediment pore water and surface sediment are shown in Table 3 . The total concentrations ranged from 8.04 to 21.06 ng/mL, with a mean of 11.92 ± 1.12 ng/mL for water, and 36.06 to 188.43 ng/mL with a mean of 110.09 ± 8.35 ng/mL for sediment pore water. The overall concentration of the pesticides in surface sediments varied from 148.17 to 554.73 ng/g, with a mean concentration of 308.07 ± 3.05 ng/g, dw (Table 3 ). These total concentrations of OCPs observed in the sediment of uMngeni River were higher than those found in surface sediment from the Yamuna River in Dehli, .66 ng/g), and observed in the pre-monsoon season (Pandey et al., 2011) . However, results of the present study were similar to those obtained by Pandey for sediment of the Yamuna River (195.86-577.74 ng/g) in the monsoon season, and lower than those obtained during the post-monsoon season (306.9-844.45 ng/g,dw) (Pandey et al., 2011) . The comparison of the results of the present study with other results obtained elsewhere in South Africa showed that the levels of OCPs in the uMngeni River water were higher than the levels detected in sediment (trace-184 ng/g) of freshwater systems in the Eastern Cape (Fatoki and Awofolu, 2003b) . However, the uMngeni River was much less polluted by OCPs than the Jukskei River catchment area in Gauteng, where OCP levels varied from 0.895 to 9 089 ng/ mL in unfiltered water and from 0.266 to 22 914 ng/g, dw in sediments (Sibali et al., 2008) . Figures A9 and A10 show that the concentrations of OCPs in water were less than in pore water and much less than in the sediments. This was expected because the organochlorine pesticides are non-polar and hydrophobic and may only dissolve partially in water while sediment is considered as a sink for them (Noegrohati et al., 2008; Houde et al., 2008; Miglioranza et al., 2004) . Currently there are no South African guidelines or regulations to direct the environmental POPs levels in South Africa. Compared to Canadian Sediment Quality guidelines, the levels of HCB (2.29-49.44 ng/g), o, and p, ) in this study of the uMngeni River were higher than the interim freshwater sediment quality guidelines (ISQG) 
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(HCB: 0.940 ng/g), (HCH: 0.600 ng/g), (o,p′-DDE and p,p′-DDE: 1.420 ng/g) and Probable Effect Level (PEL) (HCB:1.380 ng/g, HCH: 2.740 ng /g, o, p, .750 ng/g) (CCME, 2002) . Compared to Ontario Sediment Quality Guidelines, the HCB level in this study was lower than its Lowest Effect Levels (LEL) (20 ng/g), except at the NWTT (49.44 ng/g) and BLA (45.26 ng/g) sites. The other above-mentioned OCP levels were higher than their LEL values (HCB: 20 ng/g). However, the levels of the aforesaid OCPs at all sites, in the current study, were far below their severe effect level (SEL) (HCB: 24000 ng/g, HCH: 12.000 ng/g, o,p′-DDE and p,p′-DDE: 19.000 ng/g) according to the Ontario Sediment Quality Guidelines (Persaud et al., 1993) . A review done by Burton on the sediment guidelines in use around the world showed that PEL in sediment for p, p′-DDE, p,p′-DDD and endrin are 6.8, 8.51 and 1.38 ng/g (Burton, 2002) , which are lower than the results obtained in this study.
CONCLUSION
The present study has provided data on levels of organochlorine pesticides in surface water, sediment pore water and sediments of the uMngeni River in KwaZulu-Natal, South Africa. All 12 selected pesticides investigated were detected at all sites, in water, pore water and sediment, except aldrin which was below the limit of detection in water at the Reservoir Hills sampling site. The levels of organochlorine pesticides in sediment were higher than in pore water and much higher than in surface water, confirming the preferred partitioning of OCPs to organic matter, which is highest in sediment compared to water. The present study showed that the discharge from the wastewater treatment plant increased the concentrations of organochlorine pesticides in the river, for water, pore water and sediment samples collected at the sites close to the NWWTW. Hence, discharges from this WWTP may be considered as one of the sources of pollutants such as OCPs in the uMngeni River. p,p′-DDE was found to be the pollutant with the highest concentrations in water and pore water and endrin that with the highest concentrations in sediment of the uMngeni River. These results provide important information on the present levels of selected OCPs in a Southern African environment, despite OCP use and production being banned in this region, though some OCPs have regulated use for malaria control. In the future, studies on POPs in the sediment of this river should focus on their distribution according to particle sizes of the sediment and comparison of depth and surface sediment concentrations. 
